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Summary  Patients  with  ankylosing  spondylitis  may  experience  spinal  fractures  even  after
minor injuries.  The  diagnosis  of  non-dislocated  spinal  fracture  is  based  on  clinical  symptoms
and radiological  ﬁndings.  Difﬁculties  in  interpreting  the  imaging  studies  can  result  in  consider-
able diagnostic  delays.  We  describe  the  steps  of  the  radiological  diagnosis  in  a  patient  with  a
fracture of  L2  that  was  not  visible  on  standard  lumbar  spine  radiographs.  Magnetic  resonance
imaging (MRI)  T2  STIR  sequences  allowed  determining  the  location  and  showed  signs  of  a  recent
fracture. Then,  MRI  T1  images  and  computed  tomography  provided  a  detailed  evaluation  of  the
fracture line.  In  patients  with  ankylosing  spondylitis,  fracture  instability  is  common,  making
surgical treatment  mandatory.  Open  surgery  is  associated  with  substantial  rates  of  infection
and implant  loosening.  Percutaneous  instrumentation  has  not  yet  been  evaluated  for  the  treat-
ment of  spinal  fractures  in  patients  with  ankylosing  spondylitis.  This  minimally  invasive  surgical
technique  enables  multilevel  internal  ﬁxation  and  may  constitute  an  interesting  alternative  to
open surgery.
©  2012  Elsevier  Masson  SAS.  All  rights  reserved.
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AIntroductionAnkylosing  spondylitis  (AS)  is  a  chronic  inﬂammatory  joint
disease  that  predominantly  involves  the  axial  skeleton,
causing  fusion  of  the  facet  joints  and  intervertebral  discs
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http://dx.doi.org/10.1016/j.otsr.2012.09.018esponsible  for  the  typical  kyphotic  bamboo  spine  [1].
nother  feature  of  AS  is  spinal  demineralisation,  which  is
ypically  seen  in  the  vertebral  bodies  and  increases  the  risk
f  spinal  fracture  even  after  minor  trauma  [2].  These  frac-
ures  are  often  difﬁcult  to  detect  on  standard  radiographs,
ecause  the  normal  anatomical  landmarks  are  lacking  and
he  abnormal  spinal  stiffness  precludes  optimal  exposure
f  the  spine  [3].  Computed  tomography  (CT)  is  considered
ritical  for  conﬁrming  the  diagnosis  of  spinal  fracture  in
S.  Nevertheless,  the  images  may  be  challenging  to  inter-
ret  [4].  Spinal  fractures  in  AS  are  often  unstable,  requiring
served.
1 Y.P.  Charles  et  al.
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urgical  treatment,  which  is  associated  with  substantial
ates  of  complications  such  as  postoperative  infection  and
mplant  loosening  [5].  We  describe  the  steps  of  the  radio-
ogical  diagnosis  and  percutaneous  ﬁxation  in  a  patient  with
S  presenting  an  L2  fracture  caused  by  a  low-energy  injury.
ase report
 54-year-old  man  was  admitted  in  September  2010  for  low
ack  pain  after  a  fall  from  his  height  while  moving  house
0  days  earlier.  He  had  a  history  of  AS  and  kidney  transplan-
ation.  Findings  from  the  physical  examination  consisted  in
ervico-thoracic  kyphosis  and  tenderness  to  palpation  of  the
umbar  spine  at  L2.  The  neurological  ﬁndings  were  normal.
Anteroposterior  and  lateral  radiographs  of  the  lumbar
pine  showed  a  bamboo  spine  typical  for  AS,  with  no  evi-
ence  of  osteolysis  (Fig.  1).  By  magnetic  resonance  imaging
MRI),  the  T2  STIR  sequence  disclosed  high  signal  intensity
rom  the  body  and  neural  arch  of  L2,  consistent  with  a  recent
racture.  The  T1  sequence  provided  a  detailed  evaluation  of
racture  line  morphology  (Fig.  2).  CT  showed  a  serrated  frac-
ure  line  through  the  fused  processes  between  L1  and  L2  that
as  seen  clearly  only  upon  re-evaluation  of  thin  bony  sec-
ions  (0.6  mm)  in  the  sagittal  plane  (Fig.  3).  Nevertheless,
he  appearance  of  the  fused  facet  joints  and  of  the  pedicles
as  difﬁcult  to  interpret.
This  fracture  in  a  patient  with  AS  involved  all  three
pinal  columns  and  was  therefore  considered  unstable.  Per-
utaneous  instrumentation  from  T11  to  L5  was  decided  to
tabilise  the  fracture  via  minimally  invasive  internal  ﬁxa-
ion.  Intraoperatively,  six  Jamshidi  needles  were  advanced
hrough  the  pedicles  under  ﬂuoroscopic  guidance.  Anterior
uoroscopy  views  were  used  to  identify  the  projection  of
he  pedicle  isthmus,  whose  anatomical  contours  were,  how-
ver,  blurred  by  the  areas  of  fusion  due  to  the  AS.  Therefore,
he  height  and  orientation  of  the  Jamshidi  needles  were
hieﬂy  assessed  on  the  lateral  views,  and  the  progression
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igure  2  Magnetic  resonance  imaging,  T1-weighted  sequence  sho
ignal due  to  post-traumatic  oedema.igure  1  Anteroposterior  and  lateral  radiographs  of  the  lum-
ar spine:  no  fracture  is  visible.
nd  convergence  of  the  needles  were  subsequently  eval-
ated  on  the  anterior  views  (Fig.  4).  The  percutaneous
nstrumentation  technique  was  otherwise  identical  to  that
sed  in  standard  trauma  surgery.  Guidewires,  a  tap,  and  can-
ulated  screws  were  used.  Patients  with  AS  have  compact
ortical  bone  contrasting  with  demineralisation  within  the
ertebral  bodies  that  requires  multilevel  anchoring,  with
nstrumentation  extending  over  three  vertebrae  above  and
hree  below  the  fracture  level,  to  ensure  favourable  stress
istribution  on  the  implants.
Ambulation  was  started  on  the  ﬁrst  postoperative  day,
ith  no  brace.  The  patient  was  discharged  home  on  the
ixth  day.  After  6  weeks  of  rest,  a  6-week  course  of  physical
herapy  was  given  to  strengthen  trunk  posture  and  restore
he  pre-fracture  level  of  self-sufﬁciency  (Fig.  5).  Radio-
raphs  obtained  18  months  after  surgery  showed  preserved
wing  the  fracture  line  and  T2  STIR  sequence  showing  the  high
Fracture  in  ankylosing  spondylitis  
Figure  3  Computed  tomography:  serrated  fracture  line  seen
upon re-evaluation  of  thin  sagittal  sections  (0.6  mm).  The  coro-
nal section  suggests  extension  of  the  fracture  line  but  is  difﬁcult
to interpret.
Figure  4  Placement  into  the  pedicles  under  intraoperative
ﬂuoroscopic  guidance.
Figure  5  Posterior  and  lateral  view  of  the  patient  after
healing of  the  fracture:  note  the  minimally  invasive  surgical
approach  and  the  deformity  in  the  sagittal  plane.
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pinal  alignment  with  no  implant  migration  (Fig.  6).  How-
ver,  bone  healing  was  difﬁcult  to  assess  on  the  standard
adiographs.  Follow-up  CT  ﬁndings  indicated  healing  of  the
2  fracture  (Fig.  7),  and  MRI  showed  disappearance  of  the
igh  signal  on  T2  STIR  images  and  of  the  fracture  line  on  T1
mages  (Fig.  8).
iscussion
he  risk  of  spinal  fracture  is  increased  4-fold  in  AS  patients
ompared  to  the  general  population,  and  5%  to  15%  of
ll  AS  patients  experience  a  spinal  fracture  at  some  point
uring  their  life  [6,7]. These  fractures  usually  involve  all
hree  spinal  columns  and  are  therefore  highly  unstable,
ith  a  high  rate  of  neurological  complications  ranging  from
3%  to  58%  for  thoracic  and  lumbar  fractures  and  even
igher  rates  at  the  cervical  spine  [3,5,8—10].  The  fre-
uently  delayed  diagnosis  is  a  major  concern  in  these
atients,  in  whom  the  challenges  met  in  interpreting
he  imaging  studies  translate  into  absence  of  appropri-
te  spinal  immobilisation.  The  proportion  of  fractures
hat  are  missed  initially  ranges  from  19%  to  60%  [5,8,9].
hese  diagnostic  delays  explain  the  up  to  15%  rate  of
econdary  neurological  complications  before  fracture  treat-
ent  [7,11].
CT  is  considered  the  reference  standard  for  identifying
he  fracture  line  in  patients  with  spinal  fractures  and  AS
3,12].  De  Peretti  et  al.  [4]  described  four  CT  morphologi-
al  types:  type  I  with  anterior  opening  after  an  impact  on
he  extended  spine;  type  II  with  a  serrated  non-displaced
racture  line;  type  III,  in  which  the  fracture  line  is  not
isible;  and  type  IV,  consisting  in  fractures  that  are  not  spe-
iﬁc  of  AS  and  more  closely  resemble  usual  post-traumatic
ractures.  Type  II  fractures  are  visible  by  CT  only  when
he  slices  using  a  bone  window  are  thin.  Type  III  fractures
learly  raise  major  diagnostic  challenges.  In  patients  with
ain  and  no  visible  fracture  line  by  CT,  radionuclide  bone
canning  may  indicate  a  recent  bony  lesion.  Furthermore,
fter  a  low-energy  trauma,  MRI  shows  the  fracture  and  pro-
ides  information  on  the  time  of  occurrence.  Therefore,  MRI
hould  be  performed  routinely  in  addition  to  CT  [11]. At
he  acute  phase,  MRI  reveals  post-traumatic  oedema  within
he  vertebral  body  and  posterior  bony  structures  [12]. The
ncreased  signal  intensity  is  readily  detected  on  the  T2  STIR
equence,  and  the  T1  sequence  shows  the  shape  of  the  frac-
ure  line.
Non-operative  treatment  can  be  used  in  patients  with
on-displaced  fractures  [11]. However,  the  unyielding
yphotic  deformity  makes  bracing  difﬁcult,  and  surgery  is
herefore  often  required  to  treat  these  unstable  fractures.
atients  with  AS  often  exhibit  a number  of  co-morbidities,
ncluding  cardiovascular  disease,  which  increase  mortality  in
he  event  of  a fracture  [7,13]. In  addition,  the  auto-immune
rocess  and  the  fatty  degeneration  of  the  paraspinal  mus-
les  increase  the  postoperative  risk  of  infection  to  about
4%  after  open  surgery  [5].  Percutaneous  instrumentation
imits  the  invasiveness  of  the  surgical  approach,  thereby
iminishing  the  risk  of  bleeding  and  infection  due  to  muscle
issection  [14—16]. Bone  density  within  the  vertebral  bod-
es  is  typically  reduced  in  AS  [17], leading  to  a  high  rate  of
mplant  loosening  of  about  10%  to  15%  [5,8]. Consequently,
118  Y.P.  Charles  et  al.
Figure  6  Anteroposterior  and  lateral  radiographs  of  the  lumbar  spine  and  full-spine  radiograph  showing  the  instrumentation  after
fracture healing.
Figure  7  Follow-up  computed  tomography  18  months  after
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of  these  fractures  and  high  risk  of  non-union.  Percuta-urgery: healing  of  the  serrated  fracture  line.
ultiple  anchor  points  must  be  created,  by  extending  the
nstrumentation  over  at  least  three  vertebral  levels  above
nd  three  below  the  fracture  site.  Long-segment  percuta-
eous  spinal  ﬁxation  may  provide  improved  spinal  support
n  patients  with  unstable  fractures  [18]. Another  means
f  increasing  the  strength  of  implant  ﬁxation  may  consist
n  cementing  the  pedicle  screws  into  the  vertebral  bod-
es.  Percutaneous  pedicle  screw  placement  can  be  achieved
y  using  the  anatomical  landmarks  described  by  Wiesner
t  al.  [19]. Fluoroscopy-based  navigation  or  intraoperative
T  reconstruction  may  increase  the  accuracy  and  safety  of
his  technique  [20,21].
n
a
tigure  8  Magnetic  resonance  imaging,  T1-weighted  sequence
howing  disappearance  of  the  fracture  line  and  T2  STIR
equence  showing  no  high  signal  after  fracture  healing.
onclusion
pinal  fractures  in  patients  with  AS  can  occur  after  minor
njuries.  The  diagnosis  of  non-displaced  fractures  relies  on
he  clinical  symptoms  and  imaging  study  ﬁndings.  The  MRI
2  STIR  sequence  shows  the  site  and  age  of  the  fracture.
he  MRI  T1  sequence  and  CT  allow  evaluating  the  fracture
orphology.  Surgery  is  often  needed,  given  the  instabilityeous  instrumentation  allows  multilevel  internal  ﬁxation
nd  may  constitute  an  interesting  alternative  to  conven-
ional  surgery.
[[
[
[
[
[
[
[
[
[
[Fracture  in  ankylosing  spondylitis  
Disclosure of interest
The  authors  declare  that  they  have  no  conﬂicts  of  interest
concerning  this  article.
References
[1] Kubiak EN, Moskovich R, Errico TJ, Di Cesare PE. Orthopaedic
management of ankylosing spondylitis. J Am Acad Orthop Surg
2005;13:267—8.
[2] Donnelly S, Doyle DV, Denton A, Rolfe I, McCloskey EV, Spector
TD. Bone mineral density and vertebral compression frac-
ture rates in ankylosing spondylitis. Ann Rheum Dis 1994;53:
117—21.
[3] Weinstein PR, Karpman RR, Gall EP, Pitt M. Spinal cord injury,
spinal fracture, and spinal stenosis in ankylosing spondylitis. J
Neurosurg 1982;57:609—16.
[4] De Peretti F, Sane JC, Dran G, Razaﬁndratsiva C, Argen-
son C. Ankylosed spine fractures with spondylitis or diffuse
idiopathic skeletal hyperostosis: diagnosis and complications.
Rev Chir Orthop Reparatrice Appar Mot 2004;90:456—65
[In French].
[5] Backhaus M, Citak M, Kälicke T, Sobottke R, Russe O, Meindl R,
et al. Spine fractures in patients with ankylosing spondylitis: an
analysis of 129 fractures after surgical treatment. Orthopade
2011;40:917—24 [In German].
[6] Feldtkeller E, Vosse D, Geusens P, Van der Linden S. Prevalence
and annual incidence of vertebral fractures in patients with
ankylosing spondylitis. Rheumatol Int 2006;26:234—9.
[7] Westerveld LA, Verlaan JJ, Oner FC. Spinal fractures in patients
with ankylosing spinal disorders: a systematic review of the
literature of treatment, neurological status and complications.
Eur Spine J 2009;18:145—56.
[8] Caron T, Bransford R, Nguyen Q, Agel J, Chapmann J,
Bellabarba C. Spine fractures in patients with ankylosing spinal
disorders. Spine 2010;35:E458—64.[9] Sapkas G, Kateros K, Papadakis SA, Galanakos S, Brilakis E,
Machairas G, et al. Surgical outcome after spinal fractures in
patients with ankylosing spondylitis. BMC Musculoskelet Disord
2009;10:96.
[119
10] Hitchon PW, From AM, Brenton MD, Glaser JA, Torner JC.
Fractures of the thoracolumbar spine complicating ankylosing
spondylitis. J Neurosurg 2002;97:218—22.
11] Chaudhary SB, Hullinger H, Vives MJ. Management of acute
spinal fractures in ankylosing spondylitis. ISRN Rheumatol
2011;2011:9 [Article ID 150484, doi:10.5402/2011/150484].
12] Jurik AG. Imaging the spine in arthritis: a pictorial review.
Insights Imaging 2011;2:177—91.
13] Kiltz U, Sieper J, Braun J. Development of morbidity and
mortality in patients with spondyloarthritis. Z Rheumathol
2011;70:473—9 [In German].
14] Blondel B, Fuentes S, Pech-Gourg G, Adetchessi T, Tropiano P,
Dufour H. Percutaneous management of thoracolumbar burst
fractures: evolution of techniques and strategy. Orthop Trau-
matol Surg Res 2011;97:527—32.
15] Charles YP, Zairi F, Vincent C, Fuentes S, Bronsard N, Court
C, et al. Minimally invasive posterior surgery for thoracolum-
bar fractures. New trends to decrease muscle damage. Eur J
Orthop Surg Traumatol 2012;22:1—7.
16] Teyssédou S, Saget M, Prébet R, Leclercq N, Vendeuvre T,
Pries P. Evaluation of percutaneous surgery in the treat-
ment of thoracolumbar fractures. Preliminary results of a
prospective study on 65 patients. Orthop Traumatol Surg Res
2012;98:39—47.
17] van der Weijden MA, van der Horst-Bruinsma IE, van Denderen
JC, Dijkmans BA, Heymans MW, Lems WF. High frequency of
vertebral fractures in early spondylarthropathies. Osteoporos
Int 2012;23:1683—90.
18] Blondel B, Fuentes S, Tropiano P, Roche P, Métellus P, Dufour
H. Systems for long-segment percutaneous spinal ﬁxation:
technical feasibility for various indications. Acta Neurochir
2011;153:985—91.
19] Wiesner L, Kothe R, Rüther W. Anatomic evaluation of two dif-
ferent techniques for the percutaneous insertion of pedicle
screws of the lumbar spine. Spine 1999;24:1599—603.
20] Assaker R, Reyns N, Vinchon M, Demondion X, Louis E.
Transpedicular screw placement: image-guided versus lateral
view ﬂuoroscopy: in vitro simulation. Spine 2001;26:2160—4.
21] Hodges SD, Eck JC, Newton D. Analysis of CT-based navi-
gation system for pedicle screw placement. Orthopaedics
2012;35:e1221—4.
